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ABSTRACT 
The SP-100 program vas e s t a b l i s h e d  i n  1983 by  
DOD, DOE, and NASA as a j o i n t  p rogram t o  d e v e l o p  
t h e  t e c h n o l o g y  n e c e s s a r y  for  space n u c l e a r  power 
systems for  m i l i t a r y  and c i v i l  a p p l i c a t i o n .  
Techno logy  Program was d e v i s e d  t o  m a i n t a i n  the  
momentum o f  p r o m i s i n g  t e c h n o l o g y  advancement 
e f f o r t s  s t a r t e d  d u r i n g  Phase I of SP-100 and to 
s t r e n g t h e n ,  i n  k e y  a r e a s ,  t h e  chances f o r  success- 
f u l  deve lopment  and g r o w t h  c a p a b i l i t y  o f  space 
n u c l e a r  r e a c t o r  power systems f o r  f u t u r e  space 
a p p l i c a t i o n s .  
i n c o r p o r a t e d  i n t o  NASA's new C i v i l  Space Techno logy  
I n i t i a t i v e  ( C S T I ) .  The C S T I  Program was e s t a b -  - l i s h e d  t o  p r o v i d e  t h e  f o u n d a t i o n  for  t e c h n o l o g y  
Z deve lopment  i n  a u t o m a t i o n  and r o b o t i c s ,  i n f o r m a -  
C a p a c i t y  Power Program b u i l d s  on  t h e  t e c h n o l o g y  
e f f o r t s  o f  t h e  SP-100 program,  i n c o r p o r a t e s  t h e  
p r e v i o u s  NASA SP-100 Advanced Techno logy  p r o j e c t ,  
and p r o v i d e s  a b r i d g e  t o  NASA P r o j e c t  P a t h f i n d e r .  
deve lopment  i n c l u d e  C o n v e r s i o n  Systems, Thermal 
Management, Power Management, System D i a g n o s t i c s ,  
and E n v i r o n m e n t a l  I n t e r a c t i o n s .  Techno logy  
advancement i n  a l l  a r e a s ,  i n c l u d i n g  m a t e r i a l s ,  i s  
r e q u i r e d  t o  a s s u r e  t h e  h i g h  r e l i a b i l i t y  and 7 t o  
10 y e a r  l i f e t i m e  demanded for  f u t u r e  space n u c l e a r  
power sys tems.  The o v e r a l l  p r o g r a m  w i l l  d e v e l o p  
and d e m o n s t r a t e  t h e  t e c h n o l o g y  base r e q u i r e d  t o  
p r o v i d e  a w ide  r a n g e  o f  m o d u l a r  power systems as 
w e l l  as a l l o w i n g  m i s s i o n  independence f r o m  s o l a r  
and o r b i t a l  a t t i t u d e  r e q u i r e m e n t s .  
S e v e r a l  r e c e n t  advancements i n  C S T I  H i g h  
C a p a c i t y  power deve lopment  w i l l  be d i s c u s s e d .  
D u r i n g  FY86 and 8 7 ,  t h e  NASA SP-100 Advanced 
I n  FY88, t h e  Advanced Techno logy  Program was 
cr 
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I t i o n ,  p r o p u l s i o n ,  and power.  The C S T I  H i g h  
The e l e m e n t s  o f  CSTI H i g h  C a p a c i t y  Power 
INTRODUCTION 
As p a r t  o f  t h e  NASA, DOE and DOD SP-100 
n u c l e a r  space power p rogram,  t h e  NASA Advanced 
Techno logy  Program was d e v i s e d  t o  m a i n t a i n  t h e  
momentum of p r o m i s i n g  aerospace t e c h n o l o g y  d e v e l o p -  
ment and t o  enhance t h e  chances for  s u c c e s s f u l  
deve lopment  and g r o w t h  c a p a b i l i t y  o f  f u t u r e  space 
n u c l e a r  r e a c t o r  power sys tems.  I n  1988, t h e  
Advanced Techno logy  Program was i n c o r p o r a t e d  i n t o  
NASA's new C i v i  1 Soace Techno logy  I n i t i a t i v e  
( C S T I ) .  C S T I  i s  a $900 m i l l i o n ,  7 y e a r  p rogram 
i n t e n d e d  :o s t a r t  t h e  r e v i t a l i z a t i o n  Jf N A S A ' s  
space t e c n n o l o g y  by  means o f  a focused e f f o r t  i n  
t h e  areas  o f  t r a n s p o r t a t i o n ,  o p e r a t i m s ,  a n d  s c i -  
ence. SP-100 advanced t e c h n o l o g y  i s  now a 965 m i i -  
l i o n ,  7 y e a r  e f f o r t  under  C S T I  O p e r a t i o n s  c a l l e d  
H i g h  C a p a c i t y  Power. The o v e r a l l  g o a l  o f  t h i s  e l e -  
ment i s  t o  d e v e l o p  t h e  t e c h n o l o g y  base needed t o  
meet t h e  l o n g  d u r a t i o n ,  h i g h  c a p a c i t y  power 
r e q u i r e m e n t s  f o r  f u t u r e  NASA P a t h f i n d e r  ;pace 
a p p l i c a t i o n s  such as l u n a r  and p l a n e t a r y  b a s e s ,  
high-power-demand e l e c t r i c  p r o p u l s i o n  sys tems,  and 
l a r g e  space p l a t f o r m s .  
The f u n d i n g  p l a n n e d  f o r  t h e  r e m a i n i n g  6 y e a r s  
o f  t h e  program i s  i n c l u d e d  i n  Tab le  1 ,  w h i c h  sum- 
m a r i z e s  t h e  f u n d i n g  o f  each e l e m e n t  and l i s t s  t h e  
t o t a l s  by e lement  and by y e a r .  The FY88 e x p e n d i -  
t u r e s  t o t a l l e d  $12.8  m i l l i o n ,  o f  wh ich  $10 m i l l i o n  
was for  GES s u p p o r t .  SDIO has c o n t r i b u t e d  a p p r o x i -  
m a t e l y  9500,00O/year t o  t h e  advanced t e c h n o l o g y  
work f r o m  FY86 t h r o u g h  8 9 .  P r e s e n t  p l a n s  show 
$ 1  m i l l i o n / y e a r  from SDIO f o r  SP-100 advanced t e c h -  
n o l o g y  i n  FY90, 91 and 92 .  
CSTI HIGH C A P A C I T Y  POWER 
The H i g h  C a p a c i t y  Power p rogram u i l l  f o c u s  on 
t h e  deve lopment  o f  k e y  aerospace t e c n n o l o g y  i n  t h e  
a r e a s  o f  Energy C o n v e r s i o n ,  Advanced M a t e r i a l s ,  
Thermal Management, Power Management, System D i a g -  
n o s t i c s  and E n v i r o n m e n t a l  I n t e r a c t i o n s .  Program 
Management i s  l o c a t e d  i n  t h e  O f f i c e  of A e r o n a u t i c s  
and Space Techno logy  ( O A S T )  a t  NASA H e a d q u a r t e r s .  
P r o j e c t  Managellent i s  l o c a t e d  a t  NASA Lewis  
Research C e n t e r  i n  t h e  Power Techno logy  D i v i s i o n  
o f  t h e  Aerospace Techno logy  D i r e c t o r a t e .  
advanced t h e r m o e l e c t r i c  e n e r g y  c o n v e r s i o n  e l e m e n t  
i s  c a r r i e d  o u t  a t  J e t  P r o p u l s i o n  L a b o r a t o r y  i n  
Pasadena, C a l i f o r n i a .  
The 
A Systems A n a l y s i s  and M i s s i o n s  S u p p o r t  e l e -  
ment i s  used t o  assess  t h e  b e n e f i t s  f r o m  t e c h -  
n o l o g y  advancements i n  a l l  a r e a s ,  and t o  show how 
new t e c h n o l o g y  i m p a c t s  f u t u r e  NASA m i s s i o n s .  F i g -  
u r e  1 i l l u s t r a t e s  t h e  g o a l  o f  t h e  H i g h  C a p a c i t y  
Power p r o j e c t  i n  te rms o f  i n c r e a s e d  power as w e l l  
as h i g h e r  s p e c i f i c  power a v a i l a b l e  f r o m  t h e  GES 
r e a c t o r  when a l l  t e c h n o l o g y  g o a l s  a r e  m e t .  
The o v e r a l l  p r o j e c t  roadmap i s  shown on 
F i g .  2 .  The t i m i n g  was o r i g i n a l l y  i n t e n d e d  t o  
ensure  t h a t  5 i g n i f i c a n t l y  enhanced t e c h n o l o g y  
o p t i o n s  d o u l d  be a v a i l a b l e  by  t h e  m i d  199O's ,  when 
t h e  SP-100 Ground E n g i n e e r i n g  System ( G E S )  r e a c t o r  
and aerospace t e c h n o l o g y  e iements  were schedu led  
f o r  d e m o n s t r a t i o n  a t  t h e  100 kWe s c a l e .  
I Advanced t h e r m o e l e c t r i c  development c o u l d  
d o u b l e  t h e  s p e c i f i c  power a v a i l a b l e  f r o m  t h e  GES 
r e a c t o r .  
commi tan t  g a i n s  i n  a l l  a r e a s ,  c o u l d  o r o v i d e  a f a c -  
t o r  o f  5 t o  6 i n c r e a s e  i n  power f r o m  t h e  G E S /  
r e a c t o r .  These r e l a t i o n s h i p s  and t h e  t e c h n o l o g y  
g o a l s  a r e  g i v e n  i n  d e t a i l  on  F i g .  3 for  compar ison 
w i t h  t h e  o r i g i n a l  c u r v e  o f  F i g .  1 .  The f u n d i n g  
peaks f o r  b o t h  C S T I  and GES have been reduced,  
b o t h  programs have been s t r e t c h e d  from 5 y e a r s  
o r i g i n a l l y  t o  7 y e a r s  now, w i t h  f u r t h e r  s t r e t c h o u t s  
l i k e l y  as reprogramming i s  a c c o m p l i s h e d  and as 
prob lems a r i s e  i n  t h e  s u c c e s s - o r i e n t e d  p l a n s .  The 
o v e r a l l  roadmap o f  f i g .  2 assumes c o n t i n u e d  f u n d i n g  
o f  c r i t i c a l  deve lopment  a r e a s  beyond t h e  p r e s e n t l y  
p l a n n e d  c u t o f f  i n  FY94. 
Advanced S t i r l i n g  deve lopment  w i t h  con- 
ADVANCED POWER CONVERSION 
will a l s o  be accompl ished i n  p a r a l l e l ,  l e a d i n g  t o  
t h e  r e f r a c t o r y  S t i r l i n g  Space Engine a e m o n s t r a t i o n  
by t h e  end o f  F't97. assuming f u n d i n g  c o n t i n u e s  
beyond t h e  c u r r e n t  end d a t e  o f  FY94. 
a l r e a d y  a c c o m p l i s h e d  i n c l u d e  the  f o l l o w i n g :  
a FPSE a t  975 K - see F i g .  8 .  The modules,  each 
d e s i g n e d  t o  d e l i v e r  2 kW o f  power t o  t h e  FPSE,  a r e  
o f  t h e  s i z e  and c o n f i g u r a t i o n  such t h a t  40 modules 
wou ld  s u p p l y  t h e  25 kWe SSE a t  1050 K .  
( 2 )  D e m o n s t r a t i o n  o f  an e l e c t r i c a l l y  spun 
hydrodynamic  b e a r i n g  a p p l i e d  t o  t h e  power p i s t o n  o f  
t h e  SPRE ( 1 / 2  o f  t h e  SPDE). The b e a r i n g  per fo rmed 
s a t i s f a c t o r i l y  w i t h  low power (700 W )  r e q u i r e m e n t  
w h i l e  r e c i p r o c a t i n g  20 mm a t  103 Hz and r o t a t i n g  a t  
730 r / m i n .  
Key t e c h n o l o g y  deve lopments  i n  FPSE t e c h n o l o g y  
( 1 )  D e m o n s t r a t i o n  o f  h e a t  p i p e  h e a t  i n p u t  t o  
(3) D e m o n s t r a t i o n  o f  an 87 p e r c e n t  e f f i c i e n t  
l i n e a r  a l t e r n a t o r  by  means o f  m a t e r i a l  s u b s t i t u t i o n  
and c o n f i g u r a t i o n  changes t o  enhance t h e  e f f i c i e n c y  
from t h e  70 p e r c e n t  v a l u e  o r i g i n a l l y  measured . 
Advanced power c o n v e r s i o n  deve lopment  i s  
i n t e n d e d  t o  p r o v i d e  o p t i o n s  t o  t h e  SP-100 GES Pro-  
gram f o r  g r o w t h  t o  h i g h e r  power l e v e l s ,  i n c r e a s e d  
e f f i c i e n c y ,  h i g h e r  r e l i a b i l i t y ,  l o n g e r  l i f e ,  o r  
e f f e c t i v e  f u l l  c a p a b i l i t y  o p e r a t i o n  a t  l o w e r  r e a c -  
tor t e m p e r a t u r e s .  F r e e - p i s t o n  S t i r l i n g  dynamic 
power c o n v e r s i o n  w i l l  be p u r s u e d  f o r  i t s  h i g h  p e r -  
formance c a p a b i l i t y  and t h e r m o e l e c t r i c  s t a t i c  power 
c o n v e r s i o n  w i l l  be pursued for  i t s  ease o f  i n t e g r a -  
t i o n  w i t h  GES and i t s  i n h e r e n t  g r a c e f u l  d e g r a d a t i o n  
c h a r a c t e r i s t i c s .  
STIRLING 
The S t i r l i n g  deve lopment  p rogram w i l l  expand 
on t h e  t e c h n o l o g y  d e v e l o p e d  d u r i n g  Phase I and 
w i l l  p r o c e e d  w i t h  t h e  deve lopment  o f  common d e s i g n  
1050 and 1300 K S t i r l i n g  power c o n v e r t e r s .  Sche- 
m a t i c s  showing t h e  i n t e g r a t i o n  o f  t h e s e  c o n v e r t e r s  
w i t h  t h e  GES r e a c t o r  a r e  g i v e n  on  F i g s .  4 and 5 .  
S t i r l i n g  t e c h n o l o g y  i n c l u d e s  h e a t  i n p u t ,  h e a t  
remova l  t h r o u g h  t h e  c o o l e r ,  and c o n t r o l  o f  t h e  con- 
v e r t e r  t h r o u g h  a p p r o p r i a t e  power c o n d i t i o n i n g  
deve lopment  t o  p r o v i d e  a c c e p t a b l e  e l e c t r i c  power 
t o  a range o f  u s e r  a p p l i c a t i o n s .  
t r a t e d  p i c t o r i a l l y  on  F i g .  6 .  The 650 K Space 
Power D e m o n s t r a t i o r  Eng ine  r e s u l t s  a r e  p r e s e n t e d  
i n  R e f s .  1 t h r o u g h  5 .  Component deve lopment  i n  
t h e  a r e a s  o f  b e a r i n g s ,  r e g e n e r a t o r s ,  h e a t  p i p e  
h e a t  i n p u t ,  l o s s  r e d u c t i o n  and u n d e r s t a n d i n g ,  and 
t e m p e r a t u r e  i n c r e a s e s  w i l l  be p e r f o r m e d  a t  t h e  
12.5 kWe s i z e .  When t h e  a p p r o p r i a t e  t e c h n o l o g y  
g a i n s  have been d e m o n s t r a t e d ,  t h e y  w i l l  be i n c o r p o -  
r a t e d  i n t o  t h e  1050 K s u p e r a l l o y  Space S t i r l i n g  
Eng ine  ( S S E )  a t  25 kWe t o  be t e s t e d  by  t h e  end of 
FY92. The d e s i g n  g o a l s  f o r  t h i s  power c o n v e r t e r  
a r e  g i v e n  i n  T a b l e  2 .  A d e s i g n  approach t o  meet-  
i n g  t h e s e  g o a l s  i n  a s i n g l e  c y l i n d e r ,  i n t e r n a l l y  
b a l a n c e d  c o n c e p t  i s  shown i n  f i g .  7 .  The component 
t e c h n o l o g i e s  a d v a n c i n g  t o  1300 and 650 K ( c o l d  end)  
I 
The S t i r l i n g  deve lopment  p rogram i s  i l l u s -  
The n e x t  s t e p  i n  t h e  e v o l u t i o n  
25 kWe 1050 K SSE i s  t o  d e v e l o p  t h e  
components and d e m o n s t r a t e  them a t  
i n  an o p e r a t i n g  F P S E .  
THERMOELECTRICS 
The p o t e n t i a l  f o r  s i g n i f i c a n t  
t h e  f i g u r e  o f  m e r i t  ( Z )  o f  Si-Ge a1 
t o w a r d  t h e  
525 K c o l d  end 
2 . 5  kWe s i z e  
mprovement i n  
oys  has been 
o b s e r v e d  under  SP-100 advanced t e c h n o l o g y  work .  
The improvement f o r  n - t y p e  m a t e r i a l  i s  i l l u s t r a t e d  
on F i g .  9,  f o r  GaP a d d i t i v e  t o  Si-Ge. E x p l o i t a t i o n  
o f  t h i s  b r e a k t h r o u g h  r e q u i r e s  u n d e r s t a n d i n g  o f  t he  
m i c r o s t r u c t u r e  o f  t h e  improved m a t e r i a l s  ( s e e  
F i g .  IO), and how t o  o p t i m i z e  t h e  c o n s t i t u e n t s /  
m i c r o s t r u c t u r e  w h i l e  c o n t r o l l i n g  t h e  process  f o r  
r e p r o d u c i b i l i t y .  
Based c n  t h e  i n c r e a s e d  u n d e r s t a n d i n g  g a i n e d  
d u r i n g  t h e  p a s t  y e a r ,  a t h r e e - p r o n g e d  approach i s  
b e i n g  t a k e n .  Si-Ge c r y s t a l s  w i l l  be grown a t  JPL 
u s i n g  v a r i o u s  f a b r i c a t i o n  t e c h n i q u e s  ( v i b r a t i o n a l  
s t i r r i n g ,  z o n e - l e v e l i n g  and l i q u i d  phase e p i t a x y ) .  
These samples w i l l  be f r e e  o f  t he  d e f e c t s  i n h e r e n t  
i n  h o t - p r e s s e d  samples ( o x y g e n ,  g r a i n  b o u n d a r i e s ,  
e t c . )  mak ing  an i n v e s t i g a t i o n  o f  each of t h e  s e v -  
e r a l  v a r i a b l e s  ( d o p a n t s .  d o p a n t  c o n c e n t r a t i o n  and 
c o m p o s i t i o n )  by  i t s e l f  p o s s i b l e .  A t h e o r e t i c a l  
model o f  b o t h  t h e  e l e c t r i c a l  and thermal  p r o p e r t i e s  
w i l l  be d e v e l o p e d  a t  JPL t o  f u r t h e r  i n c r e a s e  t h e  
u n d e r s t a n d i n g  o f  t h e  improvement so t h a t  i t  can be 
o p t i m i z e d .  Work on h o t - p r e s s e d  samples w i l l  be 
c o n t i n u e d  a t  t h e  c o n t r a c t o r s  ( f u n d e d  by SP-100 and 
P a t h f i n d e r )  and t h e  c l o s e  i n t e r a c t i o n  between them 
and JPL m a i n t a i n e d  so t h a t  advances and t e c h n o l o g y  
can be t r a n s f e r r e d  e a s i l y .  U n i v e r s i t y  e x p e r t i s e  
w i l l  be e n l i s t e d  t h r o u g h  c o n t r a c t  to a s s i s t  w i t h  
t h e  t h e o r e t i c a l  u n d e r s t a n d i n g .  The improved under -  
s t a n d i n g  w i l l  be a p p l i e d  t o  t h e  p - t y p e  m a t e r i a l  
such t h a t  a combined Z = 1 .4  can be demonst ra ted  
by  FY93 f o r  a p p l i c a t i o n  t o  m u l t i c o u p l e s  i n  FY94. 
2 
ADVANCED MATERIALS 
M a t e r i a l s  deve lopment  i s  c r i t i c a l  t o  t h e  S U C -  
cess  o f  a l l  advanced space power systems, A 
broad-based program underway a t  NASA Lewis i s  sum- 
m a r i z e d  on  F i g .  1 1 .  P W C - I I  m a t e r i a l  e x h i b i t s  t h e  
s t r e n g t h  advantage o v e r  Nb-1Zr ( t h e  SP-100 GES 
m a t e r i a l )  i l l u s t r a t e d  on  F i g .  12 .  Even a f t e r  weld- 
i n g  and a g i n g ,  s i g n i f i c a n t  s t r e n g t h  advantages 
r e m a i n ,  as shown i n  F i g .  13.  
A 75 k g  h e a t  o f  PWC-11 (Nb- lZr-O.1C) has been 
p u r c h a s e d  from Te ledyne Wah Chang. ORNL has 
e x t r u d e d  t h e  b i l l e t s  a t  1900 K and i s  f a b r i c a t i n g  
1 mm s h e e t  f o r  c r e e p  t e s t i n g .  Creep t e s t s  a l r e a d y  
u n d e r : ~ a y  f o r  o v e r  20 000 h r  a t  1350 K ,  IO MPa 
have shown n o  i n d i c a t i o n  o f  s t r a i n  t o  d a t e .  The 
s t r e n g t h e n i n g  p r e c i p i t a t e  i n  PWC-11 has been i d e n -  
t i f i e d  as a 70Zr-30Nb monocarb ide .  
R e f r a c t o r y  f i b e r  r e i n f o r c e d  compos i tes  show 
a f u r t h e r  improvement i n  s t r e s s - t o - d e n s i t y  r a t i o  
a t  1500 K as g i v e n  on  F i g .  14. F u r t h e r  work i s  
p l a n n e d  t o  c o m p l e t e  d e n s i f i c a t i o n  o f  t h e  m a t r i x  by 
o p t i m i z a t i o n  o f  t h e  h o t  p r e s s i n g  p a r a m e t e r s .  
F i b e r - m a t r i x  i n t e r f a c e  e x a m i n a t i o n  i n d i c a t e s  t h a t  
Nb-1Zr i s  more r e a c t i v e  w i t h  W a l l o y  f i b e r s  t h a n  
i s  Nb. F u r t h e r  t e s t s  on  w i r e / m a t r i x  s t a b i l i t y  and 
s t r e n g t h  w i l l  be f o l l o w e d  by  f a b r i c a t i o n  d e v e l o p -  
ment and a p p l i c a t i o n  o f  t h e  advanced m a t e r i a l s  t o  
s t r u c t u r e s  such as S t i r l i n g  p r e s s u r e  v e s s e l s  or 
f l u i d  t r a n s p o r t  d u c t s l m a n i f o l d s  f o r  1400 t o  1500 K 
s e r v i  ce .  
G r a p h i t e  copper  c o m p o s i t e s ,  m a n u f a c t u r e d  by  
t h e  same t e c h n i q u e s  a t  NASA L e w i s ,  a r e  b e i n g  deve- 
l o p e d  for  space r a d i a t o r  a p p l i c a t i o n s .  The c o n f i g -  
u r a t i o n  and advantages  o v e r  b e r y l l i u m  or copper  a r e  
d e p i c t e d  on  F i g .  15 .  When t h e  b e s t  f i b e r s  have 
been d e t e r m i n e d ,  methods fo r  a t t a c h i n g  h e a t  p i p e s  
w i l l  be d e v e l o p e d  and t e s t s  o f  r a d i a t o r  segments 
w i l l  be p e r f o r m e d .  
THERMAL MANAGEMENT 
The g o a l  o f  t h e  t h e r m a l  management e f fo r t  i s  
t o  d e v e l o p  space r a d i a t o r  c o n c e p t s  o p t i m i z e d  f o r  
b o t h  s t a t i c  and dynamic power systems u s i n g  n u c l e a r  
h e a t  s o u r c e s .  
c i f i c  mass, s u r v i v a b i l i t y  u p  to  10 y e a r s  i n  t h e  
m i c r o m e t e o r o i d  and space d e b r i s  e n v i r o n m e n t ,  and 
0 . 9 9  r e l i a b i l i t y .  
e n t l y  underway t o  meet t h e s e  g o a l s  a t  875 K for t h e  
t h e r m o e l e c t r i c  sys tem and a t  600 K f o r  t h e  S t i r l i n g  
system. The c o n t r a c t s  a r e  p r e s e n t l y  i n  Phase I 1 1  - 
a d e m o n s t r a t i o n  o f  t h e  r e s o l u t i o n  o f  f e a s i b i l i t y  
i s s u e s  a t  t h e  components l e v e l .  Space Power I n c .  
i s  w o r k i n g  o n  an 875 K h e a t  p i p e  r a d i a t o r  as w e l l  
as a pumped l o o p  d e s i g n  f o r  t h e  600 K c o n c e p t .  
Rocketdyne i s  w o r k i n g  on  carbon-carbon compos i te  
h e a t  p i p e s  i n t e g r a t e d  w i t h  a carbon-carbon f i n  
s t r u c t u r e .  The p l a n  i s  t o  p r o c e e d  t h r o u g h  Phase I V  
where subsys tem t e s t i n g  w i l l  d e m o n s t r a t e  e n g i n e e r -  
i n g  per fo rmance o f  t h e s e  c o n c e p t s  by  t h e  end o f  
FY91. 
S p e c i f i c  g o a l s  i n c l u d e  5 kg/m2 spe- 
Advanced r a d i a t o r  c o n c e p t  c o n t r a c t s  a r e  p r e s -  
A s i g n i f i c a n t  e f f o r t  a t  NASA Lewis  i s  t he  
enhancement o f  r a d i a t o r  s u r f a c e  e m i s s i v i t y  t h r o u g h  
s u r f a c e  morpho logy  changes. Techniques used 
i n c l u d e  chemica l  e t c h i n g ,  a b r a s i o n .  s p u t t e r  t e x t u r -  
i n g ,  e l e c t r o c h e m i c a l  e t c h i n g ,  a r c  t e x t u r i n g ,  and 
c o m b i n a t i o n s  o f  t h e s e .  I t  has been found t h a t  a l l  
r a d i a t o r  m a t e r i a l s  o f  i n t e r e s t  ( e x c e p t  b e r y l l i u m )  
f o r  SP-100 a p p l i c a t i o n  can be t r e a t e d  s u f f i c i e n t l y  
t o  meet the  0 .85  e m i s s i v i t y  r e q u i r e m e n t .  F i g u r e  16 
shows the  changes i n  Nb-1Zr under  t h e  v a r i o u s  s u r -  
f a c e  t r e a t m e n t s  l i s t e d .  Carbon-carbon compos i tes  
have been enhanced s i g n i f i c a n t l y  i n  e m i s s i v i t y  by  
exposure  to a t o m i c  oxygen i n  t h e  l a b o r a t o r y .  
P lans  f o r  FY89 i n c l u d e  c o n s t r u c t i o n  o f  a h i g h  
t e m p e r a t u r e  vacuum s p e c t r a l  emissometer  w h i c h  w i l l  
a l l o w  s p e c t r a l  e m i t t a n c e  measurement w i t h  t h e  spec- 
imen a t  t h e  o p e r a t i n g  r a d i a t o r  t e m p e r a t u r e .  Dura- 
b i l i t y  o f  t r e a t e d  s u r f a c e s  will be d e t e r m i n e d  t o  
a s s u r e  t h a t  t h e  e m i s s i v i t y  r e m a i n s  h i g h  for  t h e  
p r o j e c t e d  7 y e a r  l i f e t i m e s .  
T h e o r e t i c a l  code development for  h e a t  p i p e  
d e s i g n  and per fo rmance as w e l l  as r a d i a t o r  p e r f o r m -  
ance a r e  a l s o  under  deve lopment  a t  NASA Lewis  and 
t h r o u g h  u n i v e r s i t y  g r a n t s .  The g o a l  i s  t o  u n d e r -  
s t a n d  and p r e d i c t  r a d i a t o r  b e h a v i o r  under t r a n s i e n t  
as w e l l  as s t e a d y  s t a t e  o p e r a t i o n .  
h e a t  p i p e  l a b o r a t o r y  i s  b e i n g  c o n s t r u c t e d  a t  NASA 
Lewis t o  a l l o w  t e s t  and d e t a i l e d  measurement of 
h e a t  p i p e l r a d i a t o r  c h a r a c t e r i s t i c s  under  s i m u l a t e d  
space o o e r a t i n g  c o n d i t i o n s .  I n i t i a l  t e s t s  underway 
d u r i n g  FY89 w i l l  c o n c e n t r a t e  on  deve lopment  o f  
e x p e r i m e n t a l  t o o l s  and equ ipment  a p p l i e d  t o  w a t e r  
h e a t  p i p e s .  
To b e t t e r  c o r r e l a t e  t h e  t h e o r e t i c a l  mode ls ,  a 
POWER MANAGEMENT 
Power management i s  t h e  c o n d i t i o n i n g  and con- 
t r o l  o f  u n r e g u l a t e d  power from t h e  power c o n v e r s i o n  
subsystem v i a  a t r a n s m i s s i o n  l i n e  to  a r e g u l a t e d  
s p a c e c r a f t  power bus for  d i s t r i b u t i o n  t o  t h e  
r e q u i r e d  l o a d s .  The r e s u l t s  o f  t a s k  one under  
t h i s  e f f o r t  were p u b l i s h e d  i n  R e f s .  6 t o  8 .  Power 
c i r c u i t s  d e m o n s t r a t e d  i n c l u d e d  a 100 VDC, 2 . 5  kW, 
20 kHz d i s t r i b u t i o n  sys tem d r i v e n  by  a cascaded 
Schwarz c o n v e r t e r  and a 100 VDC, 2 . 5  kW, 20 kHz 
phase c o n t r o l l e d ,  p a r a l l e l - l o a d e d  c o n v e r t e r .  
P r e s e n t  p l a n s  i n c l u d e  deve lopment  o f  t h e  power 
c o n d i t i o n i n g ,  c o n t r o l  and t r a n s m i s s i o n  (PCC&T) sub- 
sys tem for a f r e e - p i s t o n  S t i r l i n g  e n g i n e l l i n e a r  
a l t e r n a t o r  c o n v e r s i o n  sys tem such t h a t  mass, e f f i -  
c i e n c y  and s t a b i l i t y  o f  t h e  e n t i r e  sys tem d e l i v e r -  
i n g  power t o  a u s e r  i s  o p t i m i z e d .  
A second t a s k  i s  t o  d e t e r m i n e  t h e  s u r v i v a b i l -  
i t y  and o p e r a t i n g  c h a r a c t e r i s t i c s  o f  s o l i d  s t a t e  
semiconductor  s w i t c h e s  under combined n e u t r o n  and 
gamma i r r a d i a t i o n  s i m u l a t i n g  7 to I O  y e a r  m i s s i o n s  
w i t h  t h e  SP-100 n u c l e a r  r e a c t o r .  Commercial  t r a n -  
s i s t o r s  t e s t e d  t o  t h e  SP-100 7-year  r a d i a t i o n  spec- 
i f i c a t i o n s  e x h i b i t e d  a l a r g e  r e d u c t i o n  i n  c u r r e n t  
g a i n ,  a l a r g e  r e d u c t i o n  i n  s w i t c h i n g  s t o r a g e  t i m e ,  
a decrease i n  breakdown v o l t a g e  f o r  f i x e d  leakage 
c u r r e n t ,  and a s m a l l  improvement i n  r i s e  and f a l l  
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s w i t c h i n g  t i m e s .  Re fe rence  9 d e s c r i b e s  t h e s e  
r e s u l t s  i n  d e t a i l .  
P lans  a r e  t o  measure t h e  combined e f f e c c s  of 
t e m p e r a t u r e  and n e u t r o n  and gamma i r r a d i a t i o n  on a 
range  o f  s o l i d - s t a t e  s w i t c h e s .  
e f f e c t s  o f  p o s t - i r r a d i a t i o n  the rma l  a n n e a l i n g  o v e r  
a range  o f  t e m p e r a t u r e s  w i l l  be d e t e r m i n e d .  H i g h  
power s w i t c h e s  t o  be  i n v e s t i g a t e d  i n c l u d e  B i p o l a r  
J u n c t i o n  T r a n s i s t o r s  (BJT) ,  power Me ta l -Ox ide -  
Semiconduc to r  F i e l d  E f f e c t  T r a n s i s t o r s  (MOSFET), 
I n s u l a t e d  Gate T r a n s i s t o r s  ( IGT)  S t a t i c  I n d u c t i o n  
T r a n s i s t o r s  ( S I T ) ,  T h y r i s t o r s  or Semiconduc to r  
C o n t r o l l e d  R e c t i f i e r s  (SCR), and Me ta l -Ox ide -  
Semiconduc to r  C o n t r o l l e d  T h y r i s t o r s  (MCT). 
and r a d i a t i o n  e f f e c t s  on s o f t  magne t i c  m a t e r i a l s .  
The use Jf such m a t e r i a l s  i n  t r a n s f o r m e r s ,  i nduc -  
t o r s ,  m o t o r s ,  g e n e r a t o r s ,  and TEM pumps under  h i g h  
f r e q u e n c y  e x c i t a t i o n  and h i g h  t e m p e r a t u r e / r a d i a t i o n  
e n v i r o n m e n t s ,  r e q u i r e s  knowledge o f  magne t i c  p rop -  
e r t i e s  and loss mechanisms i n  o r d e r  t o  d e s i g n  
p r o p e r  PCC&T systems.  P r e s e n t  p l a n s  a r e  t o  r e p o r t  
t h e  NASA Lew is  e x p e r i m e n t a l  r e s u l t s  on two i r o n -  
based a l l o y s  and one 80:20 Ni-Fe a l l o y  t e s t e d  to 
50 kHz and 250 O C .  F u r t h e r  work w i l l  e v a l u a t e  
50:50 Ni-Fe,  3 p e r c e n t  S i -Fe ,  6 p e r c e n t  S i -Fe,  
27 p e r c e n t  Co-Fe under  s i n u s o i d a l  and n o n s i n u s o i d a l  
v o l t a g e  e x c i t a t i o n  o v e r  a range  o f  400 Hz t o  20 kHz 
f o r  t e m p e r a t u r e s  up t o  300 OC. 
I n  a d d i t i o n ,  
The t h i r d  t a s k  concerns  t e m p e r a t u r e ,  f r e q u e n c y  
SYSTEM DIAGNOSTICS 
S p a c e c r a f t  now i n  o r b i t  a r e  p rone  t o  p rob lems  
caused b y  s t a t i c  cha rge  b u i l d u p  and d i s c h a r g e .  
F u t u r e  l a u n c h  v e h i c l e s  u s i n g  e l e c t r o m e c h a n i c a l  
a c t u a t o r s  w i l l  r e q u i r e  h i g h  power l e v e l s  w h i c h  w i l l  
be more p rone  t o  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  gen- 
e r a t i o n .  
c u r r e n t  senso rs  w h i c h  a r e  immune t o  e l e c t r o m a g n e t i c  
i n t e r f e r e n c e  and s t a t i c  c h a r g e  e f f e c t s .  
o p t i c  c u r r e n t  senso rs  f i l l  b o t h  r e q u i r e m e n t s .  They 
a r e  a l s o  l i g h t w e i g h t  and can  be p l a c e d  a t  reasona-  
b l e  d i s t a n c e s  from c e n t r a l  e l e c t r o n i c s .  O t h e r  
d i a g n o s t i c  s e n s o r s  need t o  c o n t a i n  s i g n a l  p rocess -  
i n g  a b i l i t i e s  so t h a t  o n l y  p rocessed  i n f o r m a t i o n  
i s  passed t o  e x e c u t i v e  l e v e l  computers,  s a v i n g  t h e  
e x e c u t i v e  l e v e l  compu te rs  f r o m  t h e  o v e r b u r d e n  of 
p r o c e s s i n g  w h i c h  can  be  done l o c a l l y  a t  t h e  sen- 
s o r s .  The e a r l i e r  phases o f  t h i s  p r o j e c t  concen- 
t r a t e  o n  f i b e r  o p t i c  c u r r e n t  sensor  development  
and on t h e  deve lopmen t  o f  smar t  senso rs .  w h i l e  t h e  
l a t t e r  phases a r e  more concerned  w i t h  development  
of d i a g n o s t i c s  a t  t h e  sys tem l e v e l .  
Space power systems r e q u i r e  e l e c t r i c a l  
F i b e r  
The N a t i o n a l  I n s t i t u t e  o f  S tandards  and Tech- 
n o l o g y  ( f o r m e r l y  t h e  N a t i o n a l  Bureau o f  S t a n d a r d s )  
i s  u n d e r  c o n t r a c t  t o  NASA Lew is  t o  d e v e l o p  e l e c t r i -  
c a l  c u r r e n t  senso rs  w h i c h  a r e  f i b e r  o p t i c  s e n s i n g  
components ( v i a  t h e  Fa raday  E f f e c t ) .  The ac sen- 
s o r s  w i l l  be  broadbanded ( c o v e r i n g  30 t i ~  t o  1 MHZ). 
and a r e  b e i n g  d e s i g n e d  s p e c i f i c a l l y  t o  w i t h s t a n d  
ae rospace  v i b r a t i o n  and t e m p e r a t u r e s .  Two v e r s i o n s  
a r e  c a l l e d  f o r :  IO A f u l l  s c a l e  and 200 A f u l l  
s c a l e .  T a r g e t  a c c u r a c y  i s  1 p e r c e n t  f u l l  s c a l e .  
SPACECRAFT ENVIRONMENTAL EFFECTS 
The n e a r  e a r t h  space e n v i r o n m e n t  s u b j e c t s  
s p a c e c r a f t  t o  oxygen a t t a c k ,  wh ich  i s  d i r e c r i o n a l  
as w e l l  as m a t e r i a l  s p e c i f i c ;  i n  a d d i t i o n ,  p o s s i b l e  
space p lasma i n t e r a c t i o n s  w i t h  power c a b l i n g  c o u l d  
i n d u c e  i n s u l a t i o n  breakdown and s h o r t i n g  o f  t h e  
power system. I n i t i a l  s t u d i e s  f o c u s  on  t h e  e n v i -  
ronment  a t  a low E a r t h  o r b i t  o f  500 kin. The v a r i -  
ous e f f e c t s  a r e  i l l u s t r a t e d  on F i g .  17. Space 
systems o f  t h e  f u t u r e  w i l l  be l a r g e r ,  l o n g e r - l i v e d  
and h ighe r -powered .  They mus t  o p e r a t e  p r e d i c t a b l y  
and r e l i a b l y  i n  t h e i r  t o t a l  space e n v i r o n m e n t ,  and 
be  c o m p a t i b l e  w i t h  u s e r s  ( e . g . ,  s c i e n t i f i c  e x p e r i -  
m e n t s ) .  Systems i n v o l v i n g  n u c l e a r  power genera-  
t i o n  i n  t h e  100 kW t o  MW r a n g e ,  c o u p l e d  w i t h  h i g h  
c a p a c i t y  power c o n v e r s i o n  and d i s t r i b u t i o n  schemes 
and e l e c t r i c  p r o p u l s i o n ,  a r e  p r i m e  c a n d i d a t e s  for  
s e r v i n g  t h e  h i g h  power needs i n  space fo r  t h e  
f u t u r e .  The l a r g e  s i z e s  and h igh  power l e v e l s  
e n v i s i o n e d  f o r  t h e s e  systems e n s u r e  t h a t  t h e y  
w i l l  i n t e r a c t  s t r o n g l y  w i t h  t h e  p lasma and f i e l d  
e n v i r o n m e n t s ,  b o t h  n a t u r a l  and sys tem-genera ted ,  
and t h e  h i g h  v o l t a g e s  a n t i c i p a t e d  for  h i g h  power 
systems may a l s o  i n d u c e  e l e c t r i c a l  breakdown of 
n e u t r a l  gases .  E l e c t r i c  t h r u s t e r s  w i l l  g e n e r a t e  
n e u t r a l  and low e n e r g y  p lasmas as  w e l l  as t h e  p r i -  
mary beam, wh ich  w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
t h e  l o c a l  e n v i r o n m e n t .  The passage o f  t h e  Space 
S h u t t l e  t h r o u g h  t h e  i o n o s p h e r e  i s  known t o  c r e a t e  
s i g n i f i c a n t  p lasma t u r b u l e n c e .  
such t u r b u l e n c e  w i t h  sys tem s i z e ,  and t h e  c o u p l i n g  
between h i g h  power ac and dc  d i s t r i b u t i o n  systems 
and e n v i r o n m e n t a l  p lasmas may be  s i g n i f i c a n t .  
To e n s u r e  p r e d i c t a b l e  pe r fo rmance  and ex tended  
l i f e t i m e  o f  h i g h  power ac and dc systems r e q u i r e s  
deve lopmen t  o f  p r e d i c t i v e  models  o f  t h e  l o c a l  e n v i -  
ronmen ts  a r o u n d  them and t h e  e f f e c t s  o f  i n t e r a c -  
t i o n s  w i t h  t h e s e  e n v i r o n m e n t s  on t h e  systems.  
T h i s  p rog ram w i l l  p r o v i d e  t h e  r e q u i r e d  models  i n  
t h e  f o r m  o f  u s e r - f r i e n d l y  computer  codes ,  and w i l l  
employ t h e  models  t o  i d e n t i f y  and e v a l u a t e  d e s i g n  
s t r a t e g i e s  and t e c h n o l o g y  advances t o  e l i m i n a t e  
m i s s i o n  t h r e a t s  due to e n v i r o n m e n t a l  i n t e r a c t i o n s  
e f f e c t s .  Theory  and model development  a l o n g  w i t h  
ground-based e x p e r i m e n t a t i o n  a r e  i n c l u d e d  i n  t h e  
program. D a t a  from e x i s t i n g  f l i g h t  e x p e r i m e n t s  
w i l l  be used  t o  t h e  e x t e n t  p o s s i b l e  t o  v a l i d a t e  t h e  
mode ls .  A d d i t i o n a l  c r i t i c a l  f l i g h t  e x p e r i m e n t s  
w i  1 1  be recommended. 
The s c a l i n g  o f  
I n  a d d i t i o n  t o  t h e  f o r e g o i n g  s t u d i e s  o n  t h e  
n e a r  e a r t h  space e n v i r o n m e n t ,  s i m i l a r  s t u d i e s  mus t  
be made on l u n a r  and p l a n e t a r y  e n v i r o n m e n t s ,  p a r -  
t i c u l a r l y  t h e  M a r t i a n  atmosphere and t h e  l u n a r  and 
M a r t i a n  d u s t .  
The a t o m i c  oxygen i o n  beam f a c i l i t y  a t  Case 
Wes te rn  Reserve U n i v e r s i t y  was improved  by  t h e  
a d d i t i o n  o f  a new e l e c t r o n  gun sample h e a t e r .  
U s i n g  t h e  new c a p a b i l i t i e s ,  t h e  i n v e s t i g a t o r s  a t  
CWRU, under  g r a n t  t o  NASA Lew is ,  o b t a i n e d  r e a c t i o n  
e f f l u x  r a t e  d a t a ,  a t  h i g h  a t o m i c  oxygen e n e r g i e s  
and h i g h  sample t e m p e r a t u r e s ,  from t h e  two SP-100 
m a t e r i a l s ,  MO and Nb-1Zr. N e i t h e r  m a t e r i a l  showed 
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a s i g n i f i c a n t  l o s s  of any  v o l a t i l e  o x i d a t i o n  p r o -  
d u c t s ,  i n d i c a t i n g  t h a t  mass l o s s  due t o  a t o m i c  oxy- 
gen exposure  i n  o r b i t  wou ld  be m i n i m a l .  O f  
c o u r s e ,  e m b r i t t l e m e n t  o r  o t h e r  m a t e r i a l  damage due 
t o  oxygen d i f f u s i o n  i n t o  t h e  m a t e r i a l s  c o u l d  n o t  
be  d e t e c t e d  b y  t h i s  e x p e r i m e n t .  
S-cubed Corp . ,  under  c o n t r a c t  t o  NASA Lew is ,  
p e r f o r m e d  t h e  f i r s t  computer  a n a l y s e s  o f  SP-100 
power systems i n t e r a c t i o n s  w i t h  t h e  space p lasma.  
Runs o f  NASCAPILEO and t h e  POLAR codes were done, 
u s i n g  a dummy p a y l o a d  c o n f i g u r a t i o n ,  t o  see how t h e  
SP-100 c o n f i g u r a t i o n  wou ld  c o l l e c t  c u r r e n t  f r o m  t h e  
p lasma,  and what  p o t e n t i a l s  wou ld  be g e n e r a t e d .  
I t  was f o u n d  t h a t  t h e  User  I n t e r f a c e  Module (UIM) 
j o i n t  between t h e  power sys tem and t h e  p a y l o a d  was 
a p o s s i b l e  l o c a t i o n  for h i g h  p o t e n t i a l  g r a d i e n t s  
t o  form, l e a d i n g  t o  an i n c r e a s e d  p o s s i b i l i t y  o f  
a r c i n g  i n t o  t h e  p lasma and to  o t h e r  p a r t s  of t h e  
s p a c e c r a f t .  T h i s  i s  due p r i m a r i l y  t o  t h e  s p e c i f i c  
g r o u n d i n g  scheme b e i n g  c o n s i d e r e d  for  t h e  SP-100 
s p a c e c r a f t ,  w i t h  t h e  power sys tem s t r u c t u r e s  e f f e c -  
t i v e l y  b i a s e d  100 V r e l a t i v e  t o  t h e  p a y l o a d  s t r u c -  
t u r e  g round .  F u r t h e r  work i s  underway t o  d e v e l o p  
m i t i g a t i o n  s t r a t e g i e s  fo r  t h i s  p o t e n t i a l  p rob lem.  
The NASA Lew is  in-house a t o m i c  oxygen beam 
f a c i l i t y  t o  t e s t  m a t e r i a l  i m p o r t a n t  t o  t h e  SP-100 
p rog ram w i l l  be  b r o u g h t  i n t o  o p e r a t i o n .  I n i t i a l  
t e s t i n g  v i 1 1  c o n f i r m  p r e v i o u s  r e s u l t s  o n  Kap ton ,  
and a l l o w  c a l i b r a t i o n  of t h e  f l u x e s  and e n e r g i e s  
o f  t h e  beam. F u r t h e r  i n v e s t i g a t i o n s  w i l l  i n v o l v e  
SP-100 m a t e r i a l s ,  such as r e f r a c t o r y  m e t a l s ,  r a d i a -  
t o r  m a t e r i a l s ,  c a b l i n g  m a t e r i a l s ,  e t c .  Oxygen 
p lasma t e s t i n g  of i m p o r t a n t  m a t e r i a l s ,  such as 
c a b l e s  and b i a s e d  exposed c o n d u c t o r s ,  w i l l  t a k e  
p l a c e  i n  t h e  same vacuum chamber. A c o l l a b o r a t i v e  
a r rangement  w i t h  L a n g l e y  may r e s u l t  i n  t e s t i n g  and 
e v a l u a t i o n  o f  many o t h e r  m a t e r i a l s ,  i n c l u d i n g  
t h o s e  w h i c h  may be  used  for t h e  e l e c t r o d y n a m i c  
t e t h e r .  T r a n s p o r t  of exposed samples, s t i l l  i n  
vacuo,  w i l l  be a t t e m p t e d  t o  t h e  f a c i l i t i e s  a t  
L a n g l e y ,  for e x h a u s t i v e  s u r f a c e  a n a l y s i s  and chemi- 
c a l  i n t e r p r e t a t i o n .  
fo r  t h e  E f f e c t s  o f  Oxygen I n t e r a c t i o n s  o n  M a t e r i a l s  
(EOIM-3) e x p e r i m e n t .  s e t  t o  f l y  on STS-44 i n  
J a n u a r y ,  1991. As samples mus t  be d e l i v e r e d  t o  t h e  
Cape b y  mid-1990, t h e  samples must  be f a b r i c a t e d  
or a c q u i r e d ,  and  f i n a l  d e c i s i o n s  as t o  wh ich  sam- 
p l e s  t o  i n c l u d e  mus t  be  made i n  1989. The EOIM-3 
e x p e r i m e n t  i s  summarized o n  F i g .  18. 
Samples o f  SP-100 m a t e r i a l s  w i l l  be r e a d i e d  
SUMMARY 
The NASA CSTI H i g h  C a p a c i t y  Power Program i s  
a b r o a d  based e f f o r t  to p r o v i d e  s i g n i f i c a n t  
improvements i n  t h e  t e c h n o l o g y  a s s o c i a t e d  w i t h  
space n u c l e a r  power and i t s  r e l a t i o n s h i p  w i t h  t h e  
space e n v i r o n m e n t .  The i n h e r e n t  advan tages  of 
space n u c l e a r  r e a c t o r  power - compactness, low 
mass. l o n g  l i f e ,  and  r e l i a b i l i t y  - must  be c o u p l e d  
v i t h  ae rospace  t e c h n o l o g y  wh ich  can c a p i t a l i z e  on  
t h e s e  advan tages .  CSTI H i g h  C a o a c i t y  Power sup- 
p o r t s  and advances a l l  t h e  non-nuc lea r  a s p e c t s  of 
t h e  SP-100 GES r e f e r e n c e  f l i g h t  ;ystem (RFS) d e s i g n  
and some o f  t h e  m a t e r i a l s  r e s e a r c h  c o u l d  p r o v i d e  
s i g n i f i c a n t  d e s i g n  m a r g i n  to  t h e  r e a c t o r .  The 
f o c u s e d  n a t u r e  o f  t h e  p rog ram w i l l  i n s u r e  t h a t  t h e  
t e c h n o l o g y  advances a r e  i n  p l a c e  b y  t h e  m id -1990 's  
so t h a t  NASA's l o n g - t e r m  g o a l s  i n  c i v i l  space 
e x p l o r a t i o n  and e x p l o i t a t i o n  may be a c h i e v e d .  
REFERENCES 
1 .  G . R .  Docha t ,  " F r e e - P i s t o n  S t i r l i n g  Eng ine  for 
Space Power," i n  P roceed ings  of t h e  Twenty- 
Second A u t o m o t i v e  Techno1oq-J Development  Con- 
t r a c t o r ' s  C o o r d i n a t i o n  M e e t i n p ,  S o c i e t y  o f  Auto- 
m o t i v e  E n g i n e e r s ,  War renda le ,  P A ,  1984, 
pp .  309-213. 
2. J.G. S l a b y .  "Overv iew  o f  F r e e - P i s t o n  S t i r l i n g  
SP-100 A c t i v i t i e s  a t  t h e  NASA Lew is  Research 
Cen te r , "  NASA TM-87224, DOE/NASA/1005-8, 1986. 
3 .  J.G. S l a b y ,  "Overv iew  o f  F r e e - P i s t o n  S t i r l i n g  
Eng ine  Techno logy  f o r  Space Power A p p l i c a t i o n , "  
NASA TM-88886, DOE/NASA/1005-12, 1987. 
4 .  J.G. S l a b y  and D .L .  A l g e r ,  "1987 Overv iew  of 
F r e e - P i s t o n  S t i r l i n g  Techno logy  f o r  Space Power 
A p p l i c a t i o n , "  NASA TM-89832, 1987. 
5 .  J . G .  S l a b y ,  "1988 O v e r v i e w  o f  F r e e - P i s t o n  S t i r l -  
i n g  Techno logy  f o r  Space Power a t  t h e  NASA Lew is  
Research C e n t e r . "  NASA TM-100795, 1988. 
6 .  G . E .  Schwarze,  "Space Power R a d i a t i o n  Coo led  DC 
T r a n s m i s s i o n  L i n e  A n a l y s i s , "  i n  T r a n s a c t i o n s  of 
t h e  F i f t h  Symposium o n  Space N u c l e a r  Power Sys- 
tems, M.S. El-Genk and M.D. Hoover ,  eds . ,  U n i -  
v e r s i t y  o f  New M e x i c o  P ress ,  1987, pp .  649-653. 
7 .  B .  Ray and T. S t u a r t ,  " A  Cascaded Schwarz Con- 
v e r t e r  for  H i a h  Freauencv Power D i s t r i b u t i o n , "  
i n  1988 I E E E  cower E1ect;onics S p e c i a l i s t s  Con- 
f e r e n c e ,  Vol .  2, IEEE, P i s c a t a w a y ,  NJ, 1988, 
p p .  1199-1206. 
8 .  R .  K i n g ,  " A  D e s i g n  P rocedure  f o r  t h e  Phase Con- 
t r o l  l e d  P a r a l l e l - L o a d e d  Resonant  C o n v e r t e r . "  
I E E E  T r a n s .  Aerospace E l e c t r o n i c s ,  t o  b e  pub- 
l i s h e d ,  1989. 
9 .  A.J. F r a s c a  and G . E .  Schwarze, " N e u t r o n  and  
Gamma E f f e c t s  on t h e  E l e c t r i c a l  and S w i t c h i n g  
C h a r a c t e r i s t i c s  o f  Power MOSFETS." i n  Transac-  
t i o n s  o f  t h e  S i x t h  Symposium o n  Space N u c l e a r  
Power Systems,  M.S. El-Genk and M.D. Hoover ,  
e d s . ,  U n i v e r s i t y  o f  New M e x i c o  P r e s s ,  1988,  
p p .  374-377. 
5 
TABLE 1 .  - CSTI HIGH CAPACITY POWER ESTIMATED FUNDING SUMMARY. MILLION DOLLARS 
1.0 P r o j e c t  management 
2 . 0  Systems a n a l y s i s  and m i s s i o n s  s u p p o r t  
3 . 0  C o n v e r s i o n  systems 
3 . 1  Advanced s t i r l i n g  
3 . 2  Advanced t h e r m o e l e c t r i c s  (JPL)  
4 . 0  Advanced m a t e r i a l s  
5 .0 Thermal management 
6 . 0  Power management 
7 . 0  Systems d i a g n o s t i c s  
8 . O  Env i  I-unmen t a l  i n t e r a c t  i o n s  
Ne t  RllD d o l l a r s  
C e n t r a l  s i : i e n t i f i c  and t e c h n i c a l  ADP 
W/T t e c h n i c a l  f a c i l i t i e s  
Gross 
FY89 
0.100 
,100 
5.500 
.a00 
.500 
2.000 
,287 
.097 
,175 
9.559 
,737 
,665 
10.961 
FY90 
0.100 
. l o o  
5.400 
.700 
.500 
1 .900  
.267 
. l o o  
,175 
9.242 
.766 
,692 
10.700 
.400 .400 
.300 ,200  
.125 
,829 
1:;; I ,748 
11.100 10.700 
-~ 
TABLE 2 .  - 1050 K STIRLING SPACE ENGINE GOALS 
AND SPECIFICATIONS 
25 
>25 
. . . . . . . . 
. . . . . . . . 
~~ ~ 
End o f  l i f e  power,  kWe 
E f f i c i e n c y ,  p e r c e n t  . 
L i f e ,  h r  . . . . . . . . . . . . . . . . 60,000 
Ho t  s i d e  i n t e r f a c e  . . . . . . . . . . Hea t  p i p e  
H e a t e r  t e m p e r a t u r e ,  K . . . . . . . . . . 1050 
C o o l e r  t e m p e r a t u r e ,  K . . . . . . . . . . 525 
V i b r a t i o n  - c a s i n g  peak-peak,  mm . . . . . ~ 0 . 0 4  
B e a r i n g s  . . . . . . . . . . . . . . . . . . Gas 
S p e c i f i c  mass, kg/kWe . . . . . . . . . . . 6 . 0  
Frequency,  Hz . . . . . . . . . . . . . . . 70 
P r e s s u r e ,  MPa . . . . . . . . . . . . . . 15 .0  
FY93 
0 . 4 0 0  
.060 
2 .415  
. loo  
. l o o  
. l o o  
. l o o  
.020 
2 .960  
,862 
,718 
4 .600  
___ 
OBJECTIVE: 
GOAL-.. 
/ 
SPECIFIC 'I/ TO AUGMENT GES ENGINEERING DEVELOPMENT AND GROUND TESTING OF MAJOR COMPONENTS 
COMPONENTWESYSTEM OPTIONS W/kg 4o 
FOR INCREASED EFFICIENCY, 
SURVIVABILITY AND GROWTH AT 
RELIABILITIES 
TO PROVIDE SIGNIFICANT POWER. 
REDUCED WEIGHTS AND HIGHER 20 
-u 
0 0.5 1.0 1.5 2.0 2.5 
POWER, MW, 
GOAL 
100 Wlkg, 2.5 MW, IN 1 SHUTTLE 
USING GES REACTOR co 16 fie11 
t o t a l  
.025 ,700 
43.463 
,809 4.411 - I  4.700 52.761 
FIGURE 1. - NASA SP-100 ADVANCED TECHNOLOGY PROGRAM. 
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RADIATOR SP. MASS = 5 KGIM~ 
RADIATOR EMISSIVITY = 0.88 
RADIATOR REDUNDANCY = 1.2 
SINK TEMPERATURE = 250 K 
STIRLING SP. MASS = 5.5 KGIKWE 
STIRLING REDUNDANCY = 5/11 
PC 8 C SP. MASS = 1.0 KGIKWE 
TEMPERATURE RATIO = 2.1 
2.5 MWTH REACTOR 
1300 K 
STIRLING 
n = 40% 
q =  35% 
1050 K 
- 
-z=l.4 
1993 1992 GOAL 
GOAL0 0 ' 
? =  - .85 0 _ -  
(MID 90's D----- 
DEMO 1 Z = .85 - ~ ~- ~. 
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FIGURE 3. - EXTENDING SP-100 REACTOR POWER SYSTEMS 
CAPABILITY. 
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FIGURE 7. - SUPERALLOY STIRLING SPACE ENGINE. SSE. 
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FIGURE 8. - FPSE WITH HEAT PIPE HEATER HEAD. 
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ADVANCED TECHNOLOGY 
TUNGSTENlNlOBlUM COMPOSITES 
HEAT PIPES & REACTOR STRUCTURES 
OVER Nb-1Zr AT 1255 TO 1477 K 
- COMPOSITE FABRICATION DEVELOPED 
- SIGNIFICANT IMPROVEMENT IN UTS 
6 TO 11 FOLD IMPROVEMENT IN UTS 
4 TO 8 FOLD IMPROVEMENT IN UTSlDENSlTY 
- ONGOING CREEP TESTS SHOW SIMILAR IMPROVEMENTS 
GRAPHITE/COPPER COMPOSITES 
RADIATOR PANELS 
- HIGH THERMAL CONDUCTIVITY MATERIAL 
TO REPLACE BERYLLIUM 
POTENTIAL MASS SAVINGS 
ELIMINATE TOXICITY PROBLEMS 
THERMOELECTRIC MATERIALS CHARACTERIZATION 
ENERGY CONVERSION 
- LaSi.s/GaP DOPED SiGe 
- MICROSTRUCTURAL ANALYSIS UNDERWAY 
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HIGH VACUUM CREEP TESTS OF Nb-1Zr AND PWC-11 
HEAT PIPES & REACTOR STRUCTURES 
TESTED IN STANDARD DOUBLE ANNEAL CONDITION 
TO DETERMINE INITIAL PROPERTIES 
- PWC-11 INDICATES 150 K ADVANTAGE OVER Nb-1Zr 
- TESTED AFTER 1000-HOUR AGING AT 1350 K 
TO SIMULATE POSSIBLE SERVICE CONDITION 
AT DESIGN STRESS 
CREEP TESTING OF PWC-11 AT 1350 K 
JOINING TECHNOLOGY 
- DETERMINE EFFECT OF HEAT TREATMENT ON 
- MATERIAL FAILS IN BASE-METAL AREA 
- PWC-11 EXHIBITS 2.5 FOLD INCREASE IN STRENGTH 
WELDMENTS 
OVER Nb-1Zr AT 7 YEAR DESIGN TIME 
CD-86-21433 
FIGURE 11. - MATERIALS FOR SPACE POWER SYSTEMS. 
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FIGURE 12. - PWC-11 ALLOY EXCEEDS THE DESIGN REQUIRE- 
BENTS FOR SP-100 NUCLEAR SPACE POWER SYSTEMS. 
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FIGURE 13. - MATERIALS FOR SPACE POWER SYSTEMS GES SUPPORT. 
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